Participants were asked to fill out a questionnaire explaining the voluntary nature of the nominal survey, and assumed that participants were consented the survey with answering the questionnaire. The study design was approved by the company's Health and Safety Committee.
Measured variables Health-related Quality of Life
HRQL was assessed using the Japanese version of the Short-Form 8 Health Survey (SF8) 10, 11) , a short eightitem form based on the original Short-Form 36 Health Survey 12, 13) . The SF8 is a self-reporting form which subjectively assesses health based on physical functioning, role limitations due to physical and emotional health problems, freedom from physical pain, general health perception, vitality, social functioning, and mental health. From these eight dimensions, physical and mental summary health scores were calculated following the scoring algorithm outlined in the SF8 manual 10, 11) . Higher summary scores represent higher self-reported subjective health.
Effort-reward imbalance
Effort-reward imbalance, a model used by Siegrist 14) , was measured using a self-administered questionnaire. For the measurement of effort, six items related to psychologically and physically demanding aspects of the work environment were surveyed (Cronbach's α=0.72). Participants first indicated agreement or disagreement with item statements representing typical experiences in their work environment. Participants agreeing with the statements were then asked to evaluate the extent of distress felt by this experience (1=does not apply, 2=does apply, but no distress, 3=does apply and somewhat distressed, 4=does apply and distressed, and 5=does apply and very distressed). The measurement of reward focused on rewards received at work and offered to the worker as part of a social exchange process in the form of monetary remuneration, social approval and esteem, job security, and career opportunities. Measurement of reward was based on 11 items (Cronbach's α=0.85). Lower reward summary scores represent a lower subjective reward experience at work and higher distress due to low reward. The ratio of effort and reward scores determines effort-reward imbalance, where a higher ratio represents higher experienced imbalance between effort and reward. As suggested by Tsutsumi et al. 15) , the authors of the Japanese version of the ERI model, we applied the logtransformed effort-reward ratio to our results 16) .
Covariate
Demographic data was collected with regard to age; educational history; marital status; lifestyle, including smoking and exercise habits, alcohol consumption (ethanol g/wk), and sleep time (six hours or more); as well as work conditions, namely the presence or absence of shift work, work-related social support, and job control. Social support in the work environment was assessed by a single question: "Are you satisfied with work support received by people around you?", which was answered using a four-point scale (1=satisfied, 2=slightly satisfied, 3=slightly not satisfied 4=not satisfied).
Another work environment variable, job control, was assessed using a subscale from a brief job stress questionnaire consisting of three items 17, 18) . The answers were scored on a Likert scale from 1 to 4 and the score values summed. Higher scores indicated lower job control. Overcommitment, which is a personality trait represented by a specific individual behavior for coping with job demands and eliciting rewards, was also assessed using the six-item short form proposed by Siegrist et al. 16) . On a four-point rating scale, participants indicated the level of personal agreement or disagreement with given statements. The short form focuses on the inability to withdraw from work (five items) and sensation of disproportionate irritability (one item). A Japanese version of the form measuring overcommitment was developed by Tsutsumi et al 15) .
Statistical analysis
Because the two dependent SF8 variables, mental summary score (MSS) and physical summary score (PSS), have no cut-off value, tertiles were used. Associations between MSS, PSS and covariates were calculated using the χ 2 test for categorical variables and the Dunnet test for continuous variables. Because confounding factors were categorized variables, the association between HRQL and ERI was clarified by multinomial logistic regression analyses with adjustment of all covariates.
All calculations were performed using SPSS 12. Results were considered statistically significant when p was lower than 0.05.
Results
Of the 1,096 employees, 1,057 (96.4%) provided valid responses to participate in this study. Participant characteristics are shown in Table 1 . All participants were men, with a mean age of 34.7 ± 7.2 yr old. Participants were composed of 4% administrative, 4% clerical, 32% technical, 57% professional, and 4% other staff. Further, 14% of participants had obtained a high school degree or higher education, 62% were assigned to shift work, and 58% were married.
Bivariate analysis showed that participants with lower effort-reward imbalance were associated with higher PSS and MSS. In addition, higher scores for job control, over-commitment, work-related social support, shift work, sleeping time, and exercise habits were associated with higher PSS. Scores for job control, overcommitment, and work-related social support were associated with higher MSS.
Although alcohol consumption and marital status had no association with PSS and MSS in bivariate analysis, these covariates were incorporated into the multinomial logistic regression analysis to compare with the previous studies adjusted for alcohol consumption and marital status [6] [7] [8] .
Results from the multinomial logistic regression analysis between assessed variables and PSS are shown in Table 2 . After adjusting for relative confounding factors, compared to the bottom tertile of PSS, high effort-toreward ratio had a negative association with the top and middle tertiles of PSS. The adjusted effort-reward imbalance odds ratios of middle vs. bottom and top vs. bottom tertiles were 0.24 (95% confidence interval, 0.08-0.70) and 0.09 (95% confidence interval, 0.03-0.28), respectively. In addition, a negative association was observed between PSS and lower job control, overcommitment, and shift work, whereas a positive association was observed between PSS and the presence of work-related social support and exercise habits.
Results from the multinomial logistic regression analysis between assessed variables and MSS are shown in Table 3 . After adjusting for relative confounding factors, high effort-to-reward ratio had a negative association with the top and middle tertiles of MSS. The adjusted effortreward imbalance odds ratios were 0.21 (95% confidence interval, 0.07-0.63) and 0.07 (95% confidence interval, 0.02-0.25), respectively. In addition, a strong relation was shown between MSS and work-related social support.
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Discussion
In the present study, we observed a negative association between high effort-to-reward ratio and physical and mental functioning among Japanese employees after adjusting for age, educational history, marital status, job environment (shift work, work-related social support, job control), lifestyle (smoking and exercise habits, alcohol consumption, sleep time), and overcommitment. These results are consistent with those of previous reports in other countries.
A cross-sectional study in the Netherlands showed that effort-reward imbalance is associated with risks of psychosomatic and physical health complications after adjusting variables for job sector, gender, age, education, employment status and management position 9) . A fiveyear longitudinal study on civil servants in London showed that effort-reward imbalance, low job control, high job demand, and low social support predicted poor physical, psychological, and social functioning after adjusting variables for age, illness, and employment grade level 6) . A cohort study by Kuper et al. showed that a high effort-to-reward ratio predicted higher risk of coronary heart disease and poor physical and mental health Abbreviations: OR, odds ratio; 95%CI, 95% confidence interval. *Effort-reward ratio was transformed to the log. † Odds ratio of greater than high schooll versus high school or less. ‡ Work-related social support was dichotomized to the corresponding variables. Abbreviations: OR, odds ratio; 95%CI, 95% confidence interval. *Effort-reward ratio was transformed to the log. † Odds ratio of greater than high schooll versus high school or less. ‡ Work-related social support was dichotomized to the corresponding variables. functioning 7) . These studies were large-scale surveys with suitable statistical adjustment. Although the present study was cross-sectional with a smaller number of participants than the above studies, this first investigation of Japanese workers showed a strong association between high effortto-reward ratio and low HRQL. A study by Niedhammer et al. showed a significant association between effort-reward imbalance and poor physical functioning, based on a self-reported, single-item health assessment in both sexes 19) . This assessment was assumed to incorporate both physical and mental subjective symptoms, which would make it consistent with the present results. In addition, several studies reported that effort-reward imbalance was associated with an increased prevalence of fatigue [20] [21] [22] , risk of cardiovascular mortality 14, 23, 24) , risk of higher body mass index 25) , work-related musculoskeletal disorders 26) and sleep disturbance 20, 27, 28) . These studies suggest that increased effort-reward imbalance has adverse effects on the physical dimension of HRQL.
Further, many reports showed an association between effort-reward imbalance and mental health disorders [29] [30] [31] . These results were also reported in a Japanese study 32) . A meta-analysis by Stansfeld et al. showed that work stressors, strain, decision latitude, low social support, high psychological demands, effort-reward imbalance and high job insecurity predicted common mental disorders 33) . These studies suggest that increased effort-reward imbalance has adverse effects on the mental dimension of HRQL.
Although several studies examined the relationship between effort-reward imbalance and both mental disorders and health problems among Japanese workers, the present study is the first investigation of the impact of effort-reward imbalance on HRQL 32, 34, 35) . In addition, the present study adjusted the different variables of work, including job control, work-related social support, which is reported to be related to HRQL, and personality traits, which are reported to be related to adverse effects on health 9, 19, 14) .
Several limitations of this study warrant mention. First, because it was cross-sectional, no conclusions can be drawn on the direction of effort-reward imbalance to HRQL. In addition, participation was limited to men working in a plant. To obtain a more general picture of the conditions of Japanese workers, further studies should include female participants, as well as various occupations. Further, because all data variables were assessed by self-reporting, participants reporting in a non-objective, negative manner may potentially have introduced bias into the study. Finally, the present study did not adjust for factors such as social economic status and job demand.
Here, we demonstrated that effort-reward imbalance was independently associated with HRQL. Although work is a part of life, our findings suggest that work condition has association with individual health-related life style and has a significant effect on health and well-being. Establishment of health management programs in organizations decreasing work related stressor, such as effortreward imbalance, may prove to be effective in improving HRQL. Several approaches are suggested to improve work related stress for HRQL based on the effort-reward imbalance model. Reduction of long overtime work or secure rests or holiday may contribute to reduce effort 36) . Encouraging praise for good job, skill up of supervisors for interpersonal relationship and social skill, or training for career development may contribute to increase reward 36) .
Generalization of these findings requires longitudinal studies in a larger population and a wider range of occupations, as well as intervention studies improving effortreward imbalance on work environment.
